He Z, Dursun B, Oh D-J, Lu L, Faubel S, Edelstein CL. Macrophages are not the source of injurious interleukin-18 in ischemic acute kidney injury in mice. Am J Physiol Renal Physiol 296: F535-F542, 2009. First published January 7, 2009 doi:10.1152/ajprenal.90634.2008.-We previously reported in ischemic acute kidney injury (AKI) in mice that caspase-1-mediated production of interleukin-18 (IL-18) is pathogenic and that macrophage depletion by liposome-encapsulated clodronate (LEC) is protective. Therefore, our aim was to determine whether macrophages are a source of IL-18 in ischemic AKI in mice. On immunofluorescence staining of the outer stripe of outer medulla, the number of macrophages double stained for CD11b and IL-18 was significantly increased in AKI and significantly decreased by LEC. Adoptive transfer of RAW 264.7 cells, a mouse macrophage line that constitutively expresses IL-18 mRNA, reversed the functional protection against AKI in both LEC-treated wild-type and caspase-1 Ϫ/Ϫ mice. To test whether IL-18 in macrophages is necessary to cause AKI, we adoptively transferred macrophages in which IL-18 was inhibited. Peritoneal macrophages isolated from wild-type mice, IL-18 binding protein transgenic (IL-18 BP Tg) mice, and IL-18 Ϫ/Ϫ mice were used. IL-18 BP Tg mice overexpress human IL-18 BP and exhibit decreased biological activity of IL-18. Adoptive transfer of peritoneal macrophages from wild-type as well as IL-18 BP Tg and IL-18 Ϫ/Ϫ mice reversed the functional protection against AKI in LEC-treated mice. In summary, adoptive transfer of RAW cells, that constitutively express IL-18, reverses the functional protection in macrophage-depleted wild-type and caspase-1 Ϫ/Ϫ mice with AKI. However, adoptive transfer of peritoneal macrophages in which IL-18 function was inhibited also reverses the functional protection in macrophagedepleted mice. In conclusion, IL-18 from adoptive transfer of macrophages is not sufficient to cause ischemic AKI. inflammation; liposomal clodronate; tissue damage; NK cells ISCHEMIC ACUTE KIDNEY INJURY (AKI) is a life-threatening illness that continues to have a high mortality rate of 50 -80% in an intensive care unit setting (14). The severity of AKI in humans has been classified according to the RIFLE (risk, injury, failure, loss of function, and end-stage kidney disease) criteria (3). The course of the illness is highly variable ranging from a transient disease lasting less than 1 wk and associated with full recovery of renal function to a disease persisting for longer than 1 mo and requiring dialysis and intensive care management. Thus, a better understanding of the pathogenesis of AKI is needed to allow interventions which would prevent the need for hemodialysis, shorten the course of AKI, and improve survival.
ISCHEMIC ACUTE KIDNEY INJURY (AKI) is a life-threatening illness that continues to have a high mortality rate of 50 -80% in an intensive care unit setting (14) . The severity of AKI in humans has been classified according to the RIFLE (risk, injury, failure, loss of function, and end-stage kidney disease) criteria (3) . The course of the illness is highly variable ranging from a transient disease lasting less than 1 wk and associated with full recovery of renal function to a disease persisting for longer than 1 mo and requiring dialysis and intensive care management. Thus, a better understanding of the pathogenesis of AKI is needed to allow interventions which would prevent the need for hemodialysis, shorten the course of AKI, and improve survival.
Potential tubular and vascular factors, as well as inflammatory processes, are involved in the pathogenesis of ischemic AKI (14) . Inflammation is now believed to play a major role in the pathophysiology of ischemic AKI (4, 20) . Macrophages are mediators of AKI in mice and rats. In a model of macrophage depletion using liposomal clodronate, it was demonstrated that macrophages contribute to tissue damage during acute renal allograft rejection (25) and ischemic AKI (9, 24) . Gene therapy in rats expressing an NH 2 -terminal-truncated monocyte chemoattractant protein-1 (MCP-1) reduced macrophage infiltration and AKI (21) . A key question is the mechanism of the protective effect of macrophage depletion.
We and others demonstrated that interleukin-18 (IL-18) is a mediator of ischemic AKI in mice (28, 29, 38) . However, our published data demonstrate that neither neutrophils nor CD4ϩT cells are the source of IL-18 in ischemic AKI (18, 29) . A recent study demonstrated that IL-18, derived primarily from cells of bone marrow origin, contributes to the renal damage observed during ischemic AKI in mice (38) . Macrophages are well-known sources of IL-18 (26) . Thus, we tested the hypothesis that macrophages are the source of IL-18 in ischemic AKI.
To determine whether macrophages are a source of IL-18 in AKI, three strategies were used: 1) double staining immunofluorescence for macrophages and IL-18 was performed in AKI and macrophage-depleted kidneys, 2) it was determined whether adoptive transfer of macrophages reverses protection against ischemic AKI in macrophage-depleted wild-type mice and in caspase-1 Ϫ/Ϫ mice, and 3) it was determined whether adoptive transfer of macrophages deficient in IL-18 function reverses the protection in macrophage-depleted mice that are protected against AKI.
MATERIALS AND METHODS
Ischemia protocol. Male mice (C57BL/6) aged 8 -10 wk were used (Jackson Laboratories, Bar Harbor, ME). Mice weighing 20 -25 g were anesthetized with an intraperitoneal injection of Avertin (2,2,2-tribromoethanol: Sigma, Milwaukee, WI). A midline incision was made and both renal pedicles were clamped for 22 min with microaneurysm clamps as previously described (29) . The study protocol was approved by the University of Colorado Animal Care and Use Committee. The time of ischemia was chosen to obtain a reversible model of ischemic AKI. Sham surgery consisted of the same surgical procedure except that clamps were not applied. Studies in ischemic AKI were performed at 24 h of postischemic reperfusion, unless otherwise stated. Serum creatinine was measured using quantitative colorimetric creatinine determination (QuantiChrom creatinine assay kit-DICT-500; Bioassay Systems, Hayward, CA).
IL-18 binding protein transgenic mice.
Mice transgenic for human IL-18-binding protein (IL-18 BP) isoform a have been generated and characterized by Dr. C. Dinarello at UCHSC (17) . RT-PCR analysis demonstrates a high expression of human IL-18 BP in all the organs examined including kidney in the transgenic mice. IL-18 BP transgenic (Tg) mice are viable, fertile, and have no tissue or organ abnormality. The IFN-␥-inducing activity of exogenously administered IL-18 was completely neutralized in the IL-18 BP Tg mice and the mice were completely protected against hepatotoxicity induced by concavalin A. The IL-18 BP Tg mice have been backcrossed into C57BL/6 mice without a change in phenotype. The IL-18 BP Tg mouse is a critical tool in the study of the role of IL-18 in experimental animal models of acute and chronic inflammatory diseases (17) .
IL-18 Ϫ/Ϫ mice. IL-18 Ϫ/Ϫ mice on the C57BL/6 background were obtained from Jackson Laboratories. These mice were developed by Akira (1) . Mice that are homozygous null for the IL-18 gene are viable, fertile, normal in size, and do not display any gross physical or behavioral abnormalities. Homozygous null mice exhibit reduced levels of IFN-␥ in response to heat-killed bacteria and lipopolysaccharide.
Western blot analysis. Macrophages were homogenized in radioimmunoprecipitation assay (RIPA) buffer plus proteinase inhibitors and immunoblotted as previously described (13) . A rabbit polyclonal antibody that recognizes the COOH terminus of caspase-1 p10 of mouse origin was used (Santa Cruz Biotechnology, Santa Cruz, CA; catalog number sc-514).
RT-PCR. Total RNA was extracted from IL-18 BP Tg and wildtype mouse kidney using the TRIzol method (Life Technologies, Gibco BRL). One microgram of total RNA was reverse-transcribed by using Invitrogen's SuperScript Synthesis System (11904 -018). Onetenth of the reaction mixture was used as template for PCR amplification. The amplification profile was 94°C for 1.5 min, then 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 60 s, with a final extension of 72°C for 7 min. Products were then separated in a 1.5% agarose gel in the presence of ethidium bromide, and bands were analyzed in a UV box. GAPDH was included as an internal control. RT-PCR products were 295 bp for hIL-18BPa and 452 bp for GAPDH. Images for densitometry were analyzed using 1D Image Software (Kodak Digital Science, Rochester, NY).
IFN-␥ ELISA. A mouse IFN-␥ ELISA Kit II (catalog number 558258) was used (BD Biosciences, San Diego, CA). The performance characteristics of the kit (per manufacturer's instructions) are as follows: 1) no cross reactivity with other cytokines, e.g., IL-1␣, IL-1␤, IL-2, IL-3, IL-5, IL-6, IL-7, IL-10, IL-12, TNF, and TNFRII, was identified; 2) the intra-assay and interassay variability was between 3 and 6%; and 3) the minimum detectable dose of IFN-␥ was 0.762 pg/ml.
Immunofluorescence studies. Kidney tissues were embedded in OCT, snap-frozen in liquid nitrogen, and stored at Ϫ80°C until sectioning. Five-micrometer cryostat sections were fixed in 70% acetone/30% methanol and prepared for immunofluorescence studies as previously described (13) . Primary antibodies used were 1) a rat anti-mouse CD11b monoclonal antibody (catalog no. MCA74; Serotec, Oxford, UK) and 2) a goat polyclonal antibody against the COOH terminus of IL-18 of mouse origin (Santa Cruz Biotechnology; catalog no. sc-6179).
Macrophage depletion studies. Liposomes (vehicle) and liposomeencapsulated clodronate (LEC) were prepared as previously described in detail (37). Clodronate was obtained from Roche Diagnostics GmbH (Mannheim, Germany). Briefly, macrophages phagocytose the liposomes resulting in the release of clodronate into the cytoplasm and death of the macrophage. Empty liposomes, not containing clodronate, and prepared under exactly the same conditions as the LEC were used as a control. Mice received a tail vein injection of 100 l/10 g body wt of empty liposomes or LEC at 6 and 2 days before induction of ischemia by bilateral renal pedicle clamp.
Macrophage repletion studies-RAW 264.7 macrophages. RAW 264.7 macrophages have been adoptively transferred after depletion by LEC (9) . Macrophages were given 2 h before induction of ischemia. RAW 264.7 cells (10 8 ) were injected via the tail vein. Mouse RAW 264.7 cells are a mouse monocyte/macrophage cell line from ascites fluid in a male mouse in which a tumor was induced by injection of Abelson leukemia virus (A-MuLV; American Type Culture Collection). Cells are grown in DMEM high-glucose medium supplemented with Na 2HCO3 (0.075%), L-glutamine, PCN/strep (1%), 0.5 mg/ml insulin, and 10% fetal bovine serum in a humidified atmosphere of 5% CO 2 at 37°C.
Isolation of peritoneal macrophages. Peritoneal macrophages were isolated from wild-type, IL-18 BP Tg mice, and IL-18 Ϫ/Ϫ mice as previously described (19) . Two milliliters of Brewer thioglycolate medium were injected intraperitoneally. After 5 days, the mice were killed by decapitation. The abdomen was sterilized with 70% alcohol. With the use of sterile scissors, the abdominal skin was retracted to expose the intact peritoneal wall. Ten milliliters complete DMEM medium ϩ 10% FCS were injected intraperitoneally. With the use of the same syringe and needle, the medium was slowly aspirated. The number of cells in an aliquot of the aspirated medium was counted with a hemacytometer. The aspirated medium was centrifuged at 400 g for 10 min at 4°C. The pellet of cells was gently resuspended in normal saline. An aliquot of cells was stained for CD11b (see RESULTS) . One million cells were suspended in 0.2 ml normal saline Statistical analysis. Non-normally distributed data were analyzed by the nonparametric unpaired Mann-Whitney U-test. Multiple group comparisons are performed using ANOVA with posttest according to Newman-Keuls. A P value of Ͻ0.05 was considered statistically significant. Values are expressed as means Ϯ SE.
RESULTS

IL-18 mRNA is decreased in macrophage-depleted kidneys.
On RT-PCR IL-18 mRNA expression was increased in AKI kidneys (P Ͻ 0.05 vs. sham) and was significantly reduced in AKI kidneys depleted of macrophages with LEC (P Ͻ 0.05 vs. AKI; Fig. 1 ).
Macrophages double staining for CD11b and IL-18 are decreased in the kidney by LEC. On immunofluorescence staining of the outer stripe of outer medulla, the number of cells (per HPF) double stained for CD11b and IL-18 was 5.5 in sham, 18 in AKI (P Ͻ 0.01 vs. sham and AKI ϩ LEC), and 4.2 in AKI ϩ LEC ( Fig. 2A) . A representative picture of cells double stained for CD11b and IL-18 in AKI kidneys is demonstrated in Fig. 2B .
Macrophage repletion using RAW 264.7 cells. RAW 264.7 cells are a mouse monocyte/macrophage line that constitutively expresses caspase-1 protein on immunoblot and IL-18 mRNA on RT-PCR analysis (Fig. 3) . RAW cells (10 8 ) were administered via tail vein before the induction of ischemia. RAW cells reversed the functional protection against AKI in LEC-treated wild-type. Serum creatinine (mg/dl) was 0.1 in sham, 2.2 in AKI ϩ vehicle (P Ͻ 0.001 vs. sham), 2.4 in AKI ϩ RAW cells (NS vs. AKI ϩ vehicle), 0.6 in AKI ϩ LEC (NS vs. sham, P Ͻ 0.01 vs. AKI ϩ vehicle), and 1.6 in AKI ϩ LEC ϩ RAW (P Ͻ 0.001 vs. AKI ϩ LEC and NS vs. AKI; Fig. 4A ).
Caspase-1 converts the pro to the active forms of IL-1␤ and IL-18. We previously demonstrated that caspase-1 Ϫ/Ϫ mice are protected against ischemic AKI due to a lack of IL-18 (28) . RAW 264.7 cells reversed the protection against AKI in caspase-1 Ϫ/Ϫ mice. Serum creatinine (mg/dl) was 0.2 in sham, 2.3 in wildtype ϩ AKI (P Ͻ 0.05 vs. sham), 1.0 in caspase-1 Ϫ/Ϫ ϩ AKI (P Ͻ 0.05 vs. wild-type ϩ AKI), and 2.0 in caspase-1 Ϫ/Ϫ ϩ AKI ϩ RAW (NS vs. wild-type ϩ AKI; Fig. 4B) .
Characterization of peritoneal macrophages. Attempts to inhibit IL-18 in RAW cells using siRNA were unsuccessful. Thus, peritoneal macrophages isolated from wild-type, IL-18 BP Tg mice, and IL-18-deficient Ϫ/Ϫ mice were used in further studies (5) .
Peritoneal macrophages were isolated as described in MATERIALS AND METHODS. Immunofluorescence staining was performed on an aliquot of the peritoneal macrophages. One hundred percent of the peritoneal macrophages stained for CD11b (Fig. 5A ) demonstrating the purity of the preparation. One hundred percent of the peritoneal macrophages stained for IL-18 and double stained for both IL-18 and CD11b (Fig. 5A) , demonstrating that the peritoneal macrophages contain IL-18. On RT-PCR, peritoneal macrophages from the IL-18 BP Tg mice expressed the human IL-18 BP transgene (Fig. 5B) .
IL-18 BP interacts with IL-18 via ␤ strands and the interaction is stabilized by strong electrostatic interactions (11) . While the binding of IL-18 BP to IL-18 reduces the biological activity of IL-18 (e.g., production of IFN-␥), it does not alter detection of IL-18 protein on immunoblotting, immunohistochemistry, or ELISA assay. To confirm this, we performed the IL-18 ELISA using recombinant IL-18 with or without a large excess of recombinant IL-18 BP. IL-18 BP had no effect on the measured level of IL-18. Thus, in further studies, we measured IFN-␥ as a parameter of the biological action of IL-18 in IL-18 BP Tg mice.
To further demonstrate that wild-type peritoneal macrophages contain IL-18 and that the IL-18 has biological activity, as measured by IFN-␥-inducing activity, mice with AKI were depleted of macrophages with LEC and then injected with wild-type peritoneal macrophages. Both IL-18 and IFN-␥ blood levels at 24 h of postischemic reperfusion were increased in LEC-treated mice injected with wild-type peritoneal macrophages (Fig. 6, A and B) .
To demonstrate that peritoneal macrophages from IL-18 BP Tg mice have decreased biological activity of IL-18, IFN-␥ levels were measured in wild-type and IL-18 BP Tg macrophages stimulated with 100 g lipopolysaccharide (LPS) for 48 h. The biological function of IL-18 in the peritoneal macrophages (as indicated by IFN-␥ activity after LPS stimulation) was significantly decreased in macrophages isolated from IL-18 BP Tg mice compared with wild-type mice (Fig. 7A) .
To further determine that peritoneal macrophages from IL-18 BP Tg mice have decreased biological activity of IL-18, IFN-␥ levels in serum were measured in mice that received wild-type and IL-18 BP Tg macrophages. IFN-␥ levels in serum were significantly decreased in mice that received peritoneal macrophages from IL-18 BP Tg mice compared with wild-type mice (Fig. 7B ).
There was no difference in the macrophage marker characteristics between wild-type and IL-18 BP Tg macrophages. Suspensions of peritoneal macrophages from both wild-type and IL-18 BP Tg mice were analyzed by flow cytometry using F4/80 and CD11b staining. Eighty-two to ninety-three percent of the cells were positive for CD11b and the number of CD11b-positive cells did not differ between wild-type and IL-18 BP Tg mice. Sixty-nine to seventy-three percent of the cells were positive for F4/80 and the number of F4/80-positive cells did not differ between wild-type and IL-18 BP Tg mice.
Macrophage repletion using peritoneal macrophages from IL-18 BP Tg mice and IL-18 Ϫ/Ϫ mice. Peritoneal macrophages (one million cells) isolated from wild-type mice, IL-18
BP Tg mice, and IL-18 Ϫ/Ϫ mice were administered via the tail vein before the induction of ischemia. On immunofluorescence staining, the number of macrophages in the kidney was increased to the same degree after tail vein administration of peritoneal macrophages from wild-type, IL-18 BP Tg mice, and IL-18 Ϫ/Ϫ mice. The number of macrophages in the kidney (per high-power field) after tail vein administration was 24.3 for wild-type macrophages, 23 for IL-18 BP Tg macrophages, and 23.8 for IL-18 Ϫ/Ϫ macrophages (n ϭ 3 per group). Thus adoptive transfer of macrophages into LECtreated mice resulted in macrophage infiltration in the kidney and thus reconstitution of the macrophages depleted by LEC (Fig. 8, A and B) .
Both the macrophages from wild-type and IL-18 BP Tg mice reversed the functional protection against AKI in LEC-treated mice (Fig. 8C) . These data suggest that IL-18 from macrophages is not the cause of kidney injury in AKI.
To confirm that IL-18 from macrophages is not the cause of kidney injury in AKI, peritoneal macrophages were isolated from IL-18 Ϫ/Ϫ mice and administered via the tail vein. Both the macrophages from wild-type and IL-18 Ϫ/Ϫ mice reversed the functional protection against AKI in LEC-treated mice (Fig. 9) .
Depletion of NK cells with NK 1.1 antibody is not protective against AKI. NK cells are a known source of IL-18 (16) . Two hundred micrograms of NK 1.1 antibody have been shown to eliminate NK cell activity in mice for up to 7 days (6, 32). In our study, mice received an intraperitoneal injection (200 g) of NK 1.1 antibody (BDPharMinogen, San Diego, CA) or vehicle (PBS) 48 h before renal pedicle clamp. Administration of NK 1.1 antibody was not functionally protective against AKI, suggesting that NK cells are not the source of injurious IL-18 in AKI. Serum creatinine (mg/dl) was 0.2 Ϯ 0.1 in sham-operated mice, 1.8 Ϯ 0.4 in AKI mice treated with the vehicle (P Ͻ 0.01 vs. sham), and 2.2 in AKI mice treated with the NK 1.1 antibody (not significant vs. AKI mice treated with vehicle). Blood urea nitrogen (mg/dl) was 19 Ϯ 1 in shamoperated mice, 137 Ϯ 22 in AKI mice treated with the vehicle (P Ͻ 0.01 vs. sham), and 148 Ϯ 14 in AKI mice treated with the NK 1.1 antibody (not significant vs. AKI mice treated with vehicle; n ϭ 5 per group).
DISCUSSION
IL-18 is involved in diverse functions including inflammation (innate immunity) (1), ischemic tissue injury (8) , and T cell-mediated immunity (33) . IL-18 is a mediator of ischemic tissue injury in the heart (36), brain (23) , and kidney (28, 29, 38) . IL-18 plays an important role in the activation of macrophages and NK cells (27) and is produced by macrophages and NK cells (26) . The present study focuses on whether macrophages are the source of IL-18 in AKI.
Macrophage inflammation in the interstitium of the outer stripe of the outer medulla has been described early in the course of ischemic AKI in the rat (10) and mouse (21) . The macrophage infiltration early in the course of ischemic AKI can produce various cytokines, chemokines, and other mediators of tissue injury. We demonstrated that the chemokine/ adhesion molecule fractalkine (CX3CL1) may play a role in the entry of macrophages from the vascular compartment to the interstitium (34) . Depletion of macrophages in the kidney during AKI using LEC (9, 24, 34) or genetic techniques (21) results in protection against ischemic AKI. The mechanism of the protective effect of macrophage depletion in ischemic AKI, as it relates to IL-18, is the focus of the present study.
The fact that macrophages that are present at the site of injury make IL-18 does not necessarily mean that the IL-18 is playing a role in the pathogenesis of the injury. To answer the question whether IL-18 from macrophages is contributing to the development of AKI, we determined the effect of adoptive transfer of wild-type and IL-18-deficient macrophages in macrophage-depleted mice with AKI. Our goal was to determine whether adoptive transfer of wild-type macrophages reversed the protection produced by macrophage depletion and to determine the effect of adoptive transfer of macrophages deficient in IL-18. We used peritoneal macrophages from IL-18 BP Tg mice. IL-18 BP is a soluble decoy receptor for IL-18 that inhibits the biological functions of IL-18 both in vitro and in vivo (12) . Mice transgenic for human IL-18 BP isoform a (IL-18 BP Tg mice) demonstrate high expression of human IL-18 BP in macrophages and the IFN-␥-inducing activity of exogenously administered IL-18 is completely neutralized in macrophages from these mice. To confirm that IL-18 from macrophages does not play an injurious role in AKI, we demonstrated that macrophages from IL-18 BP Tg mice and IL-18-deficient mice reversed the protection against ischemic AKI to the same degree as wild-type macrophages.
What then is the mechanism of protection against AKI by macrophage depletion? Macrophages are a source of the chemokine CXCL1 (also known as IL-8 or KC). In this regard, we demonstrated that CXCL1 is increased in AKI and that macrophage depletion results in a decrease in CXCL1 (22) . Studies with CXCL1 inhibition protecting against AKI confirm a possible role for CXCL1 derived from macrophages as an injurious factor in AKI (7, 30) .
What is the source of injurious IL-18 in AKI? IL-18 may be activated in the proximal tubules and directly contribute to tubular injury. The role of caspase-1 and IL-18 in hypoxiainduced membrane injury of freshly isolated mouse proximal tubules in vitro was studied (15) . Proximal tubules were isolated in parallel from wild-type and caspase-1-deficient Ϫ/Ϫ mice. Proximal tubules from caspase-1 Ϫ/Ϫ mice demonstrated less hypoxia-induced membrane injury. IL-18 was detected in proximal tubules by immunoblotting and ELISA. Thus, caspase-1, the activator of IL-18, has a deleterious effect on proximal tubules in vitro in the absence of inflammatory cells and vascular effects (15) .
The IL-18 causing the injury may be activated in an inflammatory cell other than the macrophage. For example, NK cells are a type of lymphocyte that expresses IL-18 receptors and are activated by IL-18 (2, 35) . A model of NK cell activation in injured tissues in which NK cells are recruited to sites of injury from the bloodstream has been proposed (31) . However, NK cell depletion using the NK 1.1 antibody was not protective against ischemic AKI, suggesting that NK cells are not the source of injurious IL-18 in ischemic AKI.
The vascular endothelium plays a central role in the recruitment and migration of circulating effector cells into sites of inflammation. Caspase-1 and IL-18 production by the endothelium may result in the upregulation of adhesion molecules by the endothelium and recruitment of inflammatory cells from the blood vessels into the kidney. Further studies of the role on IL-18 in the endothelium will be interesting.
In summary, in ischemic AKI, 1) macrophage depletion with LEC reduces the number of macrophages double staining for CD11b and IL-18 and is protective against ischemic AKI, 2) adoptive transfer of RAW cells, which constitutively express IL-18, reverses the functional protection against AKI in LEC-treated wild-type and caspase-1Ϫ/Ϫ mice, and 3) adoptive transfer of peritoneal macrophages in which IL-18 function was inhibited is not sufficient to reverse the functional protection in LEC-treated mice, suggesting that macrophages are not the source of injurious IL-18 in ischemic AKI. The present study does not exclude the possibilities that IL-18 can activate macrophages to make other cytokines and chemokines in AKI or that tubules or endothelium are/is the source of injurious IL-18 in ischemic AKI. 
